Abstract
approach (attraction) to neighbours. However, an individual may rely not only on a few closest 28 neighbours, but also on more distant individuals, in a group of stable membership. We (Hamilton 1971) , it is unfavourable for foraging because of competition among group members 54 (e.g., Wrangham, 1980) . The cost of grouping may be mediated by adjusting an individual's 55 proximity to other group members (Aureli et al. 2008) , raising the question of how animals 56 adjust proximity and cohere as a group. 57 Theoretical studies have proposed models of individual movement strategies explaining 58 collective group motion in which an animal monitors the locations and movements of a few 59 closest neighbours and adjusts its movements to those of those neighbours. For example, when 60 an individual is too close to its neighbour, it travels in the opposite direction (repulsion) and 61 when an individual is far from its neighbour, it moves towards the neighbour (attraction) 62 (Schellinck & White 2011) . 63 Such models provide simple mechanisms of collective movement, which require an 64 animal to know the locations of other animals within a close distance, but not those of all 65 members of the group. However, some other behavioural processes may be at work during 66 collective movement in social animals that form small groups with stable memberships and 67 have high cognitive ability, such as primates (Aureli et al. 2008; Shimooka 2003 ) and dolphins 68 (Karczmarski et al. 2005) . One possible behavioural process is that an individual relies not only 69 on a few close neighbours, but also on individuals more distant in location and/or movement of 70 the whole group. To examine this, we observed adjustments of proximity among Japanese 71 macaques (Macaca fuscata) in the wild.
72
Japanese macaques form female philopatric groups. Females reside in the natal group, 73 whereas males emigrate out of the group at adolescence (Yamagiwa & Hill 1998 is likely that they rely on the neighbours for the adjustment of proximity, however, it is possible 82 that Japanese macaques also may rely on more distant animals. Although the data on proximity 83 to distant animals is quite limited, they may locate approximate position of the whole group 84 (Wada & Matsuzawa 1986 ).
85
As the first aim of this study, we examined a basic assumption that Japanese macaques 86 adjust proximity to group members. If they do, proximity to group members is expected to 87 increase when they are far apart and vice versa. In particular, we predicted that 1) the number of 88 individuals within 20 m of an animal would increase and/or 2) distance to the other focal female 89 would decrease (both indicating increased proximity to group members), if an animal is far 90 apart from group members and vice versa.
91
Our second aim is to examine whether Japanese macaques rely on the neighbour 92 individuals and/or more distant individuals for their adjustment of proximity. If they adjust 93 proximity relying only on neighbours, change (i.e., increase and decrease) in proximity to group 94 members is expected to be accounted for by initial state of proximity to the neighbours. In this 95 case, we predicted that 1) variance in change in number of individuals within 20 m and 2) 96 variance in change in distance to the other focal individual would largely be accounted for by 97 the initial number of individuals within 20 m. Alternatively, they may rely not only on 98 neighbours but also on more distant individuals. In this case, we predicted that variances in 99 these two response variables would be accounted for both by the initial number of individuals 100 within 20 m and also by the initial distance to the other focal animal. 101 We also examined the rate of contact calls with the same analytical design to explore the 102 possibility that macaques change behaviour related to group aggregation depending not only on 103 close neighbours but also on more distant animals. 104 We propose that macaques rely on both close neighbours and more distant animals and 105 that they know the location of the whole group and adjust their movements based on such 106 information. In addition, we discuss possible mechanisms and functions of adjustment of 107 proximity.
109

Methods
110
Subjects
111
We studied the A group of wild Japanese macaques on Kinkazan Island, northern Japan We excluded infants < 1 year of age because they were usually dependent on other individuals. 139 We excluded data when visibility was < 20 m. We measured the distance to the other focal individual observed simultaneously with GPS (i.e., 154 the distance between two random adult females in a group) and its change after 10 min. 155 We converted location data into rectangular coordinates using universal traverse mercator On occasion, three observers simultaneously followed a focal animal. In these cases, we used 160 the distance between each pair combination (e.g., A-B, A-C, B-C) as independent data. 161 We examined three response variables as behavioural correlates of adjustment of 162 proximity: 1) change in number of individuals, 2) change in distance between two focal animals, 163 and 3) contact call (coo call) rate. We tested whether the variance in each of these three response Changes in numbers of individuals and in distance to the other focal animal were sampled 167 in 15-min intervals (at a minimum). Call rate was sampled in 5-min intervals (at a minimum). 2011). We divided the distances into three categories of non-subgrouping, subgrouping, and 177 unknown, following a previous study ). We used data categorised as 178 non-subgrouping and subgrouping separately in the present analysis. Our main objective was to 179 examine the adjustment of proximity in normal grouping (i.e., non-subgrouping). However, 180 behavioural differences between grouping and subgrouping were also of interest, because the 181 differences may reveal characteristics of grouping. Thus, we also analysed the behaviour during 182 subgrouping. 183 We used data when the initial distance to the other focal individual was ≥ 40 m. Two to the other focal animal) as a discrete variable to describe the general trend in coo call rate at were conducted for the analyses of coo call rate, using the Bonferroni correction.
218
Results
219
Changes in numbers of individuals at a close distance 220 We examined the changes in the number of individuals within 20 m from the focal animal 221 after 10 min (Fig. 1) . A positive value indicated that the number of individuals increased 222 (increase in proximity), a negative value indicated that it decreased (decrease in proximity), and 
Changes in Distance
236
We examined changes in distance after 10 min between two individuals (Fig. 2) . A 237 positive value indicated that the distance decreased (increase in proximity to the other focal 238 individual), a negative value indicated that it increased (decrease in proximity), and a value of 239 zero indicated that it remained the same. Changes in distance were influenced positively by the 240 initial distance during non-subgrouping. When the distance to the other focal animal was larger, 241 they tended to come closer after 10 min ( Fig. 2A−C, autumn, F1 ,24 = 28.2, p < 0.0001; winter, 242 F1,28 = 52.6, p < 0.0001; summer, non-subgrouping, F1,18 = 10.8, p = 0.004). This tendency was 243 not observed during subgrouping in the summer (Fig. 2D, F1, 
256
Also in the winter, the effect of distance apart was significant but that of the number of 257 individuals was not (Fig. 3B, distance, F7, 
Adjustment of Proximity to Distant Individuals
295
The distance to the other focal animal also tended to decrease after a short period of time 296 when the distance was longer and tended to increase when the distance was shorter in each of 297 three seasons, except in subgrouping in the summer. This change of distance, however, was not 298 accounted for by the numbers of individuals within 20 m from the focal animals. 299 These results suggest that Japanese macaques adjust their proximity to group members at 300 relatively far distances. Focal pairs of macaques tended to separate after a short period of time 301 when they were close together and tended to move closer when they were farther apart. This 
401
In addition, Japanese macaques do not always aggregate at a large food patch, especially 402 in lean seasons. In the subject group, they feed on clumped food such as fruiting trees for about 403 80 % of feeding time in autumn , where aggregating at such food patches 404 may be possible. However, they feed on scattered food such as herb for about 85% and 63% of 405 feeding time in winter and in summer, respectively ), where they feed alone 406 or with a few members. In such ecological condition, aggregating at a food patch would be 407 difficult. In spite of these drastic changes of food availability, we observed a significant effect of initial distance of the focal pair on the change in distance between them, in different seasons. 409 Thus, aggregating at a food patch alone can not account for group cohesion, although this 410 should also help them to cohere.
411
In this study, the subjects did not engage in a particular activity, but did in various ones 412 when we sampled their movements. The proportion of activities also varied in different seasons. 413 In spite of this variation, the adjustment of distance between two distant animals was constantly 414 observed in each of the three seasons. Thus, it is unlikely that adjustment of proximity is derived The present study suggests that Japanese macaques adjust their proximity to group 442 members, relying not only on neighbouring group members, but also on more distant animals. 
